Interest in identification and characterization of proteinases and other peptidases from muscle tissue has increased markedly during the last several years. It has long been suspected that muscle proteinases are responsible, at least in part, for the tenderization that occurs during post-mortem storage of meat, and recent findings have provided some intriguing insights on the nature of the proteolytic changes that may occur during post-mortem aging. Other studies have revealed that rate of muscle protein turnover may be one of the crucial factors limiting rate and efficiency of muscle growth in domestic animals. Theoretically, decreasing rate of muscle protein turnover could lead to startlingly large increases, up to 50%, in feed efficiency. Muscle tissue from vertebrates contains 18-22% of its wet weight (40-90% of its dry weight, depending on fat content) as protein and muscle proteins, like proteins in other tissues, are constantly undergoing metabolic turnover. All the available evidence indicates that intracellular proteinases are responsible for mediating metabolic turnover of proteins. It is not surprising, therefore, that interest has increased in the physiological roles and metabolic regulation of muscle proteinases.
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Cellular origin of muscle proteinases
Although an early report (Smith, 1948) indicated that, over a pH range of 4.0-8.0, aqueous extracts of muscle tissue had little or no proteolytic activity against endogenous proteins in a muscle extract, a large number of proteolytic activities were found in minced muscle tissue during the following several decades (Iodice et al., 1972;  Koszalka & Miller, 1960; Tappel et al., 1962; Zalkin et al., 1962) . The cellular origins of these proteolytic activities, however, were uncertain, and many investigators believed that they originated from macrophages or other non-muscle cells present in muscle tissue (Tappel, 1966 Table 2 ), and therefore also originate from mast cells rather than from striated-muscle cells. On the basis of the loss of proteolytic activity after injection wtih '48/80', a compound that disrupts mast cells, it has been suggested that most, if not all, proteolytic activity having an alkaline pH optimum in minced muscle tissue originates from mast cells in the original tissue and not from striated-muscle cells (Drabikowski et al., 1977;  McKee et al., 1979). In view of this evidence, the origin of the 14000-dalton proteinase that has been purified from the myofibrillar fraction of hamster cardiac muscle and that cleaves the LC, myosin light chain (Bhan et 
Neutral proteinases in muscle
Only two neutral proteinases have been purified from muscle tissue ( Table 2 ). The cellular origin of the neutral serine proteinase (Beynon & Kay, 1978) has not been established by 598th MEETING, DUBLIN Koszalka & Miller (1960) immunohistochemical procedures, but this proteinase does not seem to originate from mast cells. It is extracted at low ionic strength, whereas high ionic strengths are generally required to extract the mast-cell proteinases, and its levels in minced intestinal smooth muscle are unaffected by treatment with compound 48/80 (Kay, 1980) . The neutral serine proteinase degrades native proteins 100 to 300 times more rapidly than trypsin (Kay, 1980) and has been shown to degrade G-actin, myosin, a-actinin, troponin-T, and troponin-I rapidly and tropomyosin slowly (Kay et al., 1982) .
The Caz+-activated proteinase (hereafter termed 'CAF') has been purified from porcine (Dayton et al., 1976) , chicken (Ishiura et al., 1978) , and rabbit (Mellgren et al., 1982) skeletal muscle and from bovine cardiac muscle (Dayton & Schollmeyer, 1980a) . C A F has been shown by immunohistochemical assays to be located inside striated-muscle cells at the Z-discs of myofibrils and at the cytoplasmic surface of the cell outer membrane (Dayton & Schollmeyer, 1980b) . CAF was discovered because of its ability to remove Z-discs from striated-muscle fibrils (Busch et al., 1972) . It subsequently was shown that CAF would degrade C-protein, tropomyosin, troponin-T and troponin-I, but not actin, a-actinin, or myosin (Dayton et al., 1975) . Recently CAF has been shown to also degrade desmin and filamin. In contrast with the neutral serine proteinase, C A F has a very restricted activity, and even those proteins degraded by CAF are cleaved only to large peptides and not to small peptides or amino acids. On the basis of its ability to degrade those proteins or structures that seem to maintain myofibrillar proteins in their assembled states, it has been suggested that C A F initiates myofibrillar protein turnover VOl. 10 (Dayton et al., 1975) . This remains an attractive, although still unproven, hypothesis, because the extensive disruption of myofibrils caused by the neutral serine proteinase (Kay et al., 1982) is not usually observed in healthy skeletal muscle undergoing normal metabolic turnover.
Because they evidently are not confined to membrane-bound particles like lysosomes, activity of the neutral serine proteinase and CAF must be under close regulation to prevent continuous and indiscriminate degradation of cellular proteins. Inhibitors of both proteinases have been purified (Carney et al., 1980 ; Otsuka & Goll, 1980) , and a second form of CAF that is active at micromolar levels of Ca2+ has been purified (Szpacenko et al..  1981) . The present evidence suggests that CAF is regulated in at least three ways: ( I ) its limited specificity restricts its action;
(2) an endogenous inhibitor is capable of completely inhibiting it; and (3) it exists, most of the time, in a state that requires millimolar Ca2+ for activity, and levels of free intracellular Caz+ rarely, if ever, get this high in healthy living cells. The nature of the factors that interfere with the CAF-CAF-inhibitor interaction or that mediate the transformation between the high-and low-Ca2+-requiring forms is still unknown. 4:1:4: 1. All the caseins are insoluble at pH4.6 and exhibit considerable microheterogenity. The a,,-, as2-and /3-caseins are insoluble at Ca2+ concentrations greater than 6 m~, but are stabilized by rc-casein in the form of coarse colloidal particles, micelles, with molecular weights of approx lo*. Proteolysis of K-casein results in destabilization of the caseinate system. The
caseins have an open, largely random structure which, inter alia, makes them readily susceptible to proteolysis, and because the caseins, especially P-casein, are strongly hydrophobic, casein hydrolysates tend to be bitter.
The proteins soluble at pH 4.6, i.e. the whey proteins, are very heterogeneous. The principal proteins, @-lactoglobulin and a-lactalbumin, are typical globular proteins with a high degree of secondary and tertiary structure. In undenatured form, they are remarkably resistant to proteolysis, even by very active, broad-specificity proteinases. Consequently, with a few minor applications of exogenous proteinases, proteolysis in milk and dairy products is concerned with the caseins.
Major reviews and texts on the milk protein system include: McKenzie (1971 ), Lyster (1972 ), Swaisgood (1973 , Farrell & Thompson (1974) 1980, 1982) , Brunner (1981 ), Fox (1982 and Dalgleish (1982a,b) .
Indigenous milk proteinases
The presence of a low level of indigenous proteinase in milk was suggested by the work of Babcock about 1890, but doubts that it may be of bacterial origin persisted for many years. It is now well-established that milk does contain at least one proteinase which has assumed considerable technological significance in recent years. The subject has been reviewed by Humbert & Alais (1979 ), Visser (1981 ), Fox (1981a , Suhren (1981) and Reimerdes (1981 Reimerdes ( , 1982 .
The principal indigenous milk proteinase, which is associated with the casein micelles, has been highly purified by several methods, including affinity chromatography on Sepharoselysine. It is a serine proteinase, probably identical with plasmin, with optimum activity at pH7.5-8.0 and 37OC. and mol.wt. 48000; it is very heat-stable and survives even UHT (ultra high) processing (142OC for 3s). Like trypsin. it is highly specific for bonds adjacent to lysine residues and in milk is most active on @-casein, which it hydrolyses to y-caseins and proteose peptones. a,,-Casein is also very susceptible, but the products have not been identified. a,,-Casein is hydrolysed slowly. but rc-casein and whey proteins are very resistant (P-lactoglobulin is a weak inhibitor).
The commercial significance of milk alkaline proteinase is still unclear. Since its activity in milk increases with advancing lactation, it may be responsible for deterioration in the processing characteristics of !ate-lactation milk. It may be responsible for age-gelation in UHT milks, but addition of trypsin inhibitors to aseptic milk does not prevent gelation, suggesting physico-chemical changes as causative agents (Harwalker, 1982) . It contributes to a limited extent to proteolysis in cheese.
Milk is also reported to contain an acid proteinase, thrombin and aminopeptidases, the action and significance of which have not been clarified.
Endogenous proteinases in dairy products
Milk and dairy products contain a variety of micro-organisms
